Technologies for domestic sewage treatment with low excess sludge yield rate and highly efficient biological treatment methods are needed, and the moving-bed biofilm reactor has great promise for meeting this need. To provide technical support for the treatment of typical domestic sewage, this paper provides an estimate of the bacterial diversity in polyvinyl alcohol (PVA) gel beads determined by a 16S-rRNA gene-based polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) approach, proposes a method for reducing the excess sludge yield rate, and describes the startup and continuous operation of the PVA technology. Domestic sewage was treated by a movingbed biofilm reactor system using PVA gel beads as a biomass carrier. A significant amount of sphalerite, filamentous bacteria and bacillus were observed on the surface and internal structure of the PVA-gel beads by scanning electron microscope. Clostridiaceae bacterium, Alpha proteobacterium, Phenylobacterium haematophilum and Rhodobacter were identified as dominant bacteria strains using 16S-rRNA PCR-DGGE. The active sludge tanks were found to play a significant role in the reduction of excess sludge.
INTRODUCTION
Domestic sewage commonly contains a low-concentration of organic pollutants, a high suspended solid content and many pathogenic bacteria and worms. If it is directly discharged into bodies of water or groundwater, it will pol-technology has become a research hotspot (Rahimi et al. ) . The moving-bed biofilm reactor is one of the promising biomass technologies (Gani et al. ) . This process can be added to existing plants to enhance However, little information is known regarding microbial communities that inhabit this treatment system, so to provide technical support for the treatment of typical domestic sewage, this paper provides an estimate of the bacterial diversity in PVA-gel beads determined by a 16S-rRNA polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) approach, proposes a method for reducing the excess sludge yield rate, and describes the startup and continuous operation of the PVA technology. 
MATERIALS AND METHODS

Materials
Experimental device and method
The experimental system mainly consisted of a PVA reactor, The extraction and amplification of DNA of bacteria
In the study of microbial diversity, the first step is DNA extraction, using the D5625 DNA extraction kit.
The 16S rRNA genes were amplified using two types of day, the removal rates of COD, BOD 5 and NH 4 þ -N were more than 73, 90 and 80%, respectively. The removal efficiency of the PVA reactor was stable, which implied that the PVA reactor start-up was finished.
Using active sludge as an inoculum, the start-up of the CAS process has to take four months or more (Third et al.
;
Nutchanat & Suwanchai ). However, the start-up of the PVA reactor can be achieved in 14 days.
Increase of OLR
When the BOD 5 removal efficiency was above 90% for more than 2 days, the authors increased the OLR in stages Table 1 .
As shown in Table 1 COD and 1-7% of NH 4 þ -N were removed by the two active sludge tanks.
Next, under the same operating condition, the two sludge tanks were placed first, followed by the PVA reactor. The performance of this sequence is shown in Table 2 . Table 2 shows that 20-44% of the COD and 29-44% of the NH 4 þ -N were removed by the two active sludge tanks, and 21-46% of the COD and 12-38% of the NH 4 þ -N were removed by the PVA reactor. The final effluent COD and NH 4 þ -N were higher than the previous experiment (the PVA reactor was placed first, followed by the two sludge tanks), therefore, it is more suitable that the PVA reactor was used as the lead unit.
Observations of the PVA-gel beads surface
In order to analyze the characteristics of the microorganisms in the PVA process, the authors observed the change in the PVA-gel beads and the enrichment of microorganisms.
The color of PVA-gel beads surface changed from the initial white to yellow after 30 days of operation, and Table 2 | Performance of every processing unit when the two sludge tanks were placed first, followed by the PVA reactor It can be speculated that some strains inside the PVA-gel beads were nitrifying bacteria, and this is why the process had high NH 4 þ -N removal efficiency.
Microorganism enrichment in PVA-gel beads
In order to investigate the characteristics of microorganisms attached to the surface and the internal structure of PVA-gel beads, the authors observed the PVA-gel beads by scanning electron microscope (SEM). Figure 6 shows the results.
As shown in Figure 6 (a), an unused PVA-gel bead has a large number of micro-holes. 
Denaturing gel gradient electrophoresis of PCR product
The denaturing gel gradient electrophoresis (DGGE) technology can separate the PCR products and analyze the properties of bacteria strains. Figure 7 shows the DGGE profile of bacterial amplicons from PVA-gel beads samples.
There are two lanes in the DGGE profile. The first lane was created by the primers 357 F and 518 R. There are fewer bands on the first lane, and the separate bands are fuzzy.
The second lane was generated by the primers 16S-1 and 16S-2. There are more bands than the first lane, and the separate bands are clearer. Bands 7 and 9 are particularly bright, indicating that the dominant bacterial strains may exist in those bands. The rest of bands are dark compared to bands 7 and 9, but they can still be seen clearly. The bacterial diversity is striking. Bacterial 16S rRNA gene sequences are shown in Table 3 .
Based on the similarity and consistency of the test sequences, Table 3 shows that operational taxonomic unit Alpha proteobacteria are divided into five series (α, β, γ, δ and ϵ). Some play an important role in the degradation of organic compounds, some are ammonia oxidation bacteria, some are denitrifying bacteria, and some are nitrite-oxidizing bacteria. These bacteria play an important role in the degradation of nitrogen in sewage.
Clostridiaceae bacterium, Alpha proteobacterium, Phenylobacterium haematophilum and Rhodobacter were found to be the dominant bacteria strains in the PVA-gel beads. These results suggest that the PVA performs well in the treatment of sewage.
Study of excess sludge reduction
The excess sludge yield (Y) was calculated using Equation
(1) (Ghyoot & Verstraete ):
The variable g SS start represents the total mass of SS present at the start of the experiment, and g SS end represents the sum of the masses of the SS present at the end of the experiment plus the SS that have left the reactor with the effluent and waste sludge. On the first day, 20 L of activated sludge (concentration, 9.42 g/L) was added to the PVA reactor, so g SS start was 188.40 g. Because no sludge was discharged during the whole operation period, and because there was almost no sludge in effluent, g SS end was the total mass of the sludge in the PVA reactor, the two sludge tank and the sedimentation tank at the end of the experiment. After 138 days of operation, the total sludge was collected in a plastic bucket, and the weight of the total sludge was 1,698.50 g, which is g SS end . According to the record of COD and the amounts of water ingress each day, the total mass of COD removed was calculated as 14,512.50 g. Therefore, the excess sludge yield rate was about 0.10 g SS/g COD removed .
Compared to the CAS process, which has an excess sludge yield rate of 0.5 g SS/g COD removed , the excess sludge yield rate of the PVA process is greatly reduced.
The PVA process has two active sludge tanks, and only 3-8% of the COD and 1-7% of the NH 4 þ -N were removed by the tanks, so the PVA reactor plays a main role in treatment efficiency and the two tanks play a role in reduction of excess sludge. Some new excess sludge is degraded in these tanks. According to the previous study by Singh et al. () , using an applied moving bed biofilm reactor and one active sludge tank to treat municipal wastewater leads to an excess sludge yield rate of 0.18 g SS/g COD removed . This supports the claim that the sludge tanks play a role in the reduction of excess sludge.
CONCLUSIONS
Rapid start-up of the PVA process was successfully achieved. A large number of microorganisms attached to both the surface and internal structure of the PVA-gel beads, so the process can effectively treat domestic sewage with OLR of 1.5 kg COD/m 3 ·d, the process performed well in treatment of this domestic sewage.
Clostridiaceae bacterium, Alpha proteobacterium, Phenylobacterium haematophilum and Rhodobacter were the dominant bacteria strains in the treatment system. The process displayed a good performance in sludge reduction, and the active sludge tanks were found to play a role in the reduction of excess sludge. The excess sludge yield rate was only about 0.10 g SS/g COD removed . This technology provides a new way for upgrading the CAS process without major new construction.
